was verified using an FTIR protocol originally described for detergents (49). The protein purity of all nAChR reconstitutions was analyzed by 12% SDS-PAGE with Coomassie blue staining (Fig. S1D) , while the lipid composition was analyzed by high performance thin layer chromatography ( Fig. S1C ) (see below).
High performance thin layer chromatography. Lipids were extracted from reconstituted proteoliposomes (and standard liposome suspensions) as described (50) , using a modified version of the original protocol (51). Complete removal of lipid from the aqueous/protein phase was verified by FTIR spectroscopy (49). Either 25 or 50 μg (based on the PC assay) of extracted lipid in chloroform was spotted onto Whatman HPTLC silica gel plates (60 Å, 4.5 μm particle size) using a Hamilton syringe. TLC plates were developed using one of three possible solvent systems, depending on the lipids to be detected. All reconstitutions were developed with Solvent #1 (chloroform:methanol:acetic acid:H 2 O -50:37.5:3.5:2, vol/vol), while the POPC/POPA/Chol reconstitutions were also developed with Solvent #2 (chloroform:methanol:formic acid:H 2 O -50:37.5:3.5:2, vol/vol) to detect PA, and Solvent #3 (benzene:2-propanol:ethyl acetate:formic acid -72.5:3.5:22:2, vol/vol) to detect cholesterol. Prior to staining with Coomassie blue (0.03% wt/vol G250 Coomassie in 30% vol/vol methanol, 100 mM NaCl) the silica plates were removed from the developing chamber and allowed to dry. Stained HPTLC plates were imaged in a MultiImage Light Cabinet equipped with Alpha Imager 1220 v5.04 software (Alpha Innotech Corp.).
FTIR difference spectroscopy.
All difference spectra were acquired between 22.6 and 23.2 °C on either a BioRad FTS-575c or a Digilab FTS-7000 spectrometer, each equipped with a DTGS detector. Each spectrum was co-added from 512 individual scans, collected at 8 cm -1 resolution. For the ±Carb difference measurements, 125 µg of reconstituted nAChR (or in the case of native membranes an equivalent number of α-Btx sites) in ~50 µl of 2 mM phosphate buffer (pH 7.4) was spread onto the surface of a 50 mm X 20 mm X 2 mm, 45° germanium attenuated total reflectance (ATR) crystal (Harrick). After drying the nAChR film under a gentle stream of N 2 gas, the ATR crystal was installed in an ATR liquid sample cell (also from Harrick), and the nAChR film rehydrated with an excess Torpedo Ringer buffer (TRB; 250 mM NaCl, 5 mM KCl, 2 mM MgCl 2 , and 3 mM CaCl 2 , 10 mM Tris-HCl, pH 7.0), or TRB+200 µM dibucaine for the experiments in the presence of dibucaine. Two consecutive spectra in the absence of Carb were recorded with buffer flowing continuously at a rate of ~1.5 ml min -1 . The flowing buffer was then switched to an identical one, but with 50 µM added Carb. After 1 minute equilibration, a spectrum was recorded of the Carb bound state. The difference between the two -Carb spectra (control difference spectra) and consecutive -Carb and +Carb spectra were calculated and stored. The buffer was then switched back to the Carb free solution and equilibrated for twenty minutes to ensure complete removal of Carb. The cycle was repeated, and individual difference measurements averaged to improve the signal-to-noise ratio (S/N).
The presented difference spectra (Fig. 2) were acquired from a minimum of three different nAChR films, from at least two (native) or three (PC/PA/Chol and PC) different nAChR preparations/reconstitutions. The lower purity, and resulting weak signal of the native membrane preparations, required averaging of a larger number of individual difference measurements in order to obtain a sufficiently high S/N. The signal-to-noise ratio can be assessed by the "flatness" of the control difference spectra (see grey spectra in Fig. 2 ). Peaks and valleys in the ±Carb difference spectra that are of a similar (or smaller) magnitude to the random fluctuations around baseline in the control spectra must be interpreted with caution. All averaged difference spectra were baseline corrected between 1800 and 1000 cm -1 , and interpolated to an effective resolution of 4 cm -1 . The difference and control spectra in Fig Ethidium fluorescence measurements. All fluorescence experiments were performed on a Cary Eclipse fluorescence spectrophotometer (Varian Inc.). Ethidium bromide emission spectra ( Fig. S2) were collected between 520 and 700 nm (±5 nm slits, 0.5 nm scanning interval, 4.0 s averaging time) with ethidium being excited at 500 nm (±5 nm slits). Before each scan, all solutions were equilibrated inside the spectrophotometer for at least 30 minutes at 22.5 °C in a temperature controlled cuvette holder, equipped with a magnetic stirrer.
For the ethidium binding measurements (Fig. 2) , the fluorescence intensity at 590 nm (±5 nm slits) was monitored as a function of time (2.0 s sampling time), while ethidium was excited at 500 nm (±5 nm slits). For each experiment, 1.8 ml of a 0.3 μM ethidium bromide solution in TRB was equilibrated at 22.5 °C inside the spectrophotometer. After approximately 100 s of scanning, 150 µg of nAChR (or an equivalent number of α-Btx sites for native membrane preparations) resuspended in 200 µl of TRB was added to the solution. At the indicated times (~750 s and ~1,000 s) 10 µl of 100 mM carbamylcholine chloride (in TRB), followed by 10 µl of 100 mM dibucaine (also in TRB) was added to the suspension.
For determining mean ethidium fluorescence signals (Fig. 2D) , the fluorescence intensity at 590 nm was averaged over a sixty second interval for each sample. Identical intervals were used for all samples, under each condition (i.e. ±500 µM Carb, +500 µM Dibucaine). Residual fluorescence in the presence of 500 µM Dibucaine represents the non-displaceable and thus nonspecific ethidium fluorescence. For each sample, the averaged non-specific fluorescence (i.e. +500 µM Dibucaine) was subtracted from the averaged fluorescence in the presence or absence of 500 µM Carb. The mean fluorescent signals plotted in Fig. 3B , represent means (+ s.d.) of nine averaged and subtracted fluorescence signals for each membrane system, under each condition.
nAChR secondary structure and thermal denaturations. All transmission FTIR spectra were acquired on a BioRad FTS-40 spectrometer equipped with a DTGS detector. For each sample, 250 µg of reconstituted nAChR in 50 µl of 2 mM 1 H 2 O phosphate buffer (pH 7.0) was centrifuged (~14,000g) and the pellet resuspended in 300 µl of 2 H 2 O 2 mM phosphate buffer (pD 7.4). After repeating once, the sample was again centrifuged but this time resuspended in 400 µl of 2 H 2 O 2 mM phosphate. To exchange peptide N-1 H for N-2 H, the final 2 H 2 O suspension was incubated at 4 °C for precisely 72 h, and then stored at -80 °C. Prior to FTIR analysis, samples were individually thawed and divided into two equal 125 µg aliquots; one for a -Carb measurement and the other for a +500 µM Carb measurement. For each experiment, a single 125 µg aliquot was pelleted and resuspended in 30 µl of 2 H 2 O 2 mM phosphate buffer. The suspension was deposited on a 1 cm diameter CaF 2 window (Harrick) and the excess buffer evaporated with N 2 gas. The dry film was rehydrated with 8 µl of 2 H 2 O TRB (or 8 µl of 2 H 2 O TRB + 500 µM Carb, pD 7.4) and sandwiched between a second CaF 2 window with a 12 µm Teflon spacer. The sandwich was placed in a thermostatically controlled transmission cell (also from Harrick), the temperature of which was controlled by a circulating water bath.
For secondary structure analysis (Fig. S4 ), spectra were recorded at 2 cm -1 resolution signal averaging 4,000 scans. Upon completion of the 4,000 scan spectrum, the thermal denaturation procedure was initiated. Spectra (2 cm -1 resolution and 256 scans) were recorded at 2 °C intervals as the sample was heated from 25 to ~75 °C. Five-minute intervals were allowed for the water bath to reach each temperature, followed by a further fifteen minutes for sample equilibration. The actual temperature of the sample cell was monitored using an electronic thermometer with a Type J thermocouple probe (Barnant). All spectra were analyzed with GRAMS/AI v.7.01 software (ThermoGalactic). If necessary, uncompensated water vapor was subtracted (52) . Deconvolution of the amide I band (for both secondary structure analysis and thermal denaturations) was performed between 1900 and 1300 cm -1 using a γ-factor of 8.0, and a Bessel smoothing parameter of 80%.
To calculate the fraction of denatured nAChRs (Fig. 5A ) from deconvolved FTIR spectra (Fig. S6) , the change in intensity at 1681 cm -1 was plotted as a function of temperature (12). The resulting data were fit by non-linear regression (Prism v.4, GraphPad) using a Boltzmann sigmoid with an added linear function:
is the fraction of nAChRs denatured at temperature "x"; F i and F f are the initial and final fractions (i.e. 0 and 1) of denatured nAChR, based on the relative intensities at 1681 cm -1 from the 25 °C and 75 °C spectra, respectively. T d is the temperature at which 0.5 or fifty percent of nAChRs are denatured, and "m b " the Boltzmann slope which describes the cooperativity of the transition. For presentation purposes the linear function (M·x), which was added to account for temperature dependent increases in spectral baseline intensity (and not nAChR denaturation), was subtracted from the data. The resulting plots were fit with simple Boltzmann sigmoids (Fig. 5A) .
Kinetics of nAChR peptide
1 H/ 2 H exchange kinetic measurements were done as described previously (12), but with the following modifications. The residual amide II:amide I/I' ratio was converted to fraction unexchanged by normalizing each sample relative to completely unexchanged and completely exchanged measurements. For each sample, the completely unexchanged spectra were acquired prior to their exposure to deuterated solvent (Fig.  S5A) . To facilitate complete exchange of peptide N-1 H for N-2 H, the completely exchanged spectra were acquired from samples after they were thermally denatured (100 °C for 1 h) in deuterated buffer (2 mM phosphate, pD 7.4), followed by a further 72 h incubation in deuterated solvent. In all cases, the residual amide II:amide I/I' ratio of completely exchanged samples approached 0, suggesting that peptide 1 H/ 2 H exchange was complete. Fraction unexchanged vs. time plots (Fig. 5B) 
Where F e (t) is the fraction of nAChR peptide hydrogens unexchanged at time (t); N 1 , N 2 , and N 3 are the proportion of nAChR peptide hydrogens exchanging with the rate constants λ 1 , λ 2 and λ 3 , respectively. Plateau is the proportion of peptide hydrogens resistant to exchange, even after ~12 h.
Equilibrium [
3 H]-acetylcholine binding measurements. All 3 H-ACh saturation binding measurements were performed on ~50 nM nAChR (i.e. 100 nM α-bungarotoxin/ 3 H-ACh sites, see below). Prior to incubation with 3 H-ACh, concentrated (10X) samples of each nAChR preparation were resuspended in TRB containing 1 mM diisopropylfluorophosphate (DFP, Calbiochem), and incubated for 1 h at 4 °C. DFP prevents 3 H-ACh hydrolysis by specifically inhibiting endogenous acetylcholinesterase, present primarily in the native Torpedo membrane preparations (15). For non-specific 3 H-ACh binding measurements, samples were also incubated with a tenfold excess of α-bungarotoxin (10 µM). After incubation with DFP, the concentrated nAChR/DFP suspensions were diluted (1:9) with various solutions of 3 H-ACh in TRB, and incubated with rotation at 4 °C. After a minimum of 75 minutes, 1 ml of each mixture was filtered through 25 mm GF/F glass fibre filter papers (Whatman). For "bound [ 3 H-ACh]" measurements, filter papers were added to 10 ml of Ecolite(+) TM liquid scintillation cocktail (MP Biomedicals). To ensure complete diffusion of the 3 H-ACh from the filter papers and into the scintillant, samples were counted several times within a two week period until they reached equilibrium. "Free [ 3 H-ACh]" and "total [ 3 H-ACh]" were determined by counting 500 µl aliquots of each filtrate and 3 H-ACh solution, respectively. As noted previously (15), non-specific 3 H-ACh "binding" and thus reproducibility of the assay is directly related to the amount of fluid retained within the filter papers (Fig. S3 ). To ensure the highest level of reproducibility, we used the same filtration manifold as originally described (Hoefer Inc.) (15). Because they were no longer supplied by the manufacturer, stainless steel chimney weights were custom coated with PTFE/Teflon (J&C Manufacturing Co.). All filtrations were performed for exactly 5 s, under precisely 28.0-28.5 inches of Hg, controlled by an external vacuum pump (Welch Vacuum Technology). In our initial studies, we found that 3 H-ACh bound to the GF/F filter papers. This binding could be eliminated by soaking the filter papers in a polyethylenimine solution prior to filtration (2 x 100ml of 1% polyethylenimine in TRB for 30 min). After soaking, the filter papers were dried under vacuum (28 inches of Hg) for 30 seconds immediately prior to use.
To account for possible differences in 
